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ABSTRACT: 

An ultrasonic signal processing system that includes flaw gates that process signals from an 
inspection transducer is disclosed. The flaw gates operate In pairs where each pair is dedicated 
to a time window corresponding to, for example, flaw depth or transducer angle. The time 
window for a pair of flaw gates is indicated by a channel code produced by a timing control unit. 
One flaw gate in each pair processes incoming digitized transducer signals during a scan to 
produce reflector indications while the other gate in each pair transfers data from a previous 
different position scan to a main computer. The main computer determines flaw locations from 
the reflector indications and transducer positions provided by the flaw gate. The flaw gates each 
adjust reflector indication location signals for changes in distance between an immersed 
ultrasonic wave inspection transducer and the surface of the material being inspected as well as 
record the location of the inspection transducer at the time of each indication detection. The flaw 
gates produce the indication by comparing the digitized transducer signal waveform with a 
threshold curve where an indication is an excursion of the signal waveform above the threshold. 
The flaw gates each contain a comparator that indicates when the window is open and activates 
a waveform memory that automatically stores the digitized transducer signals during the window. 
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ULJRftSONIC SIGNAL PROCSSING SYSIBM INCLUDING A FLAW GATE 

Ths presort: imrentiarF is diredBtf to a higfr speed ultrasonic ^nal processing system that captures aO 
of the ultrasom'c signals necessary for an ultrasonic inspection and, more parficularly, to a system that uses 
paired flaw gates wtiere each flaw gate processes data during a time window that con^ponds to depth 
within the material t>eing inspected and the data collected by one of the flaw gates in the pair is transfenred 
5 to a central control and flaw location computer while the other flaw gate in the pair processes incoming 
ultrasonic signal data. 

In a computerized ultrasonic inspection system, in general, the limitations on incoming signal process- 
ing speed, also limit the speed at which an inspection of an object such as a power plant turbine rotor can 
bs conducisdi. Volumeble uHrasonic inspecfions must sweep an uHrasonic t>eam through tfie entirety of the 

TO material: fc^r^ inspected to obtain cxwnplete coverage. If the size of the flaws to be detected is very small, a 
small ultrasonic tieam is required involving a substantial number of beam passes through the material to 
detect all the flaws. The tot^ time required for an inspection is a major factor in the cost of oemining 
objects such' as turbine rotor bores. Inspection of turbine rotor l}ores at the end of the manufecturing 
process as wefl as during periodic routine maintenance is required to detect flaws near the bore surface that 

T5 can be removed by remadiining or to detect deeper flaws that must be monitored to determine their 
changes so that the rotor can be removed from service before a catastrophic failure occurs. Reduced 
inspection time is thus particularly desired by power generating ufififles. 

A significarrt factor which limits the speed of rotor inspection is the time required to record the data 
associated with ultrasonic indications wtrich when found can indicate a flaw. An ultrasonic indication is a 

20 reflection signal received by a transducer which exceeds an amplitude threshold level established during a 
calibration procedure. A flaw gate is used to establish the minimum and maximum transit time intervals 
between which data wfll b» processed s well as to compare the return ^gnal data to the amplitude 
tfare^ld. Par each indcatksi it is necessary to record the ampfitude of the indication, the time of flight of 
ttsa pulse produa'ng ths iiKiicatiafi and the po^on coordinates of the transducer vrithin the rotor refeie u uB 

s frame at ttre time tfie inEScafion is detected. When the atx)ve data are combined with knowledge conceming 
the pattt geometry of the ultrasonic beam, the Ideation of the reflector or flaw as well as its size can be 
determined. 

In conventional computer operated ultrasonic inspection systems the computer must read not only the 
status- of the ultrasonic instrumentation devices but also the position of the transducer. If an indication is 

30 recorded, the single computer stores a record of the time of the indicatton along «dth the scanner posttkm. 
This conventional sdieme becomes highly inaccurate and data may be missed if the scan speed is so rapid 
that tfie main computer is not able to keep up with the rate at which date comes from the transducer. 

It is an object of the present invention to provide a high speed uHrasonk; signal processing system tor 
determining flaw size and location in objecte. 

35 Accordingly, with this object in view, the present -invention resides in an ultrasonic signal processing 
system, comprising a control processon a timing control unit connected to said control processor and 
producing timing control signals including window signals; a pulse control unit connected to and controlled 
by said timing control unit an inspection transducer connected to and controlled by said pulse control unit 
and produdng a received signal; a resolver coupled to said inspection transducer and producing a position 

40 of said inspection transducer; an anatog multiplexer connected to said timing control unit and said 
inspection transducer, and attenuating the received signal in dependence on the window signals; and a 
digitizer connected to said analog multiplexer and digitizing the attenuated received signal, characterized t>y 
plural flaw gates, connected to said digitizer, said timing control unit and said resolver, each storing and 
procesdng, In dependence on one of the window signals, the digitized attenuated received signals by 

45 shifting a flireshoM waveform in dependence on a ranging of^t and comparing tine stored digitized 
attenuated received signals to the shifted threshold waveform and producing flaw indications when the 
digitized received signals exceed ttie tiireshold waveform, and storing the position, said control processor 
rebieving ttie flaw indications and corresponding position at the end of a scan by said inspection transducer 
and determining flaw locations from ttie positions and flaw indications. 

50 Anottier aspect of tiie Invention resides in a method of detenmining flaw indications in a material being 
inspected using an inspection transducer and a ranging ti^nsducer. comprising ttie steps of obtaining a 
ranging offset of tine material from the ranging transducer at a po^on; activating ttie inspection transducer 
to produce an inspection signal at the position: sampling tiie retomed inspection signal during a sample 
window to produce a digital retom signal ssnpie wavefomn, characterized by shifting a digital retom signal 
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sample waveform u^g th e r^i^ offset comparing a threshold wavefbmi to the shifted return signal 
sample waveform; storing the peak amplitude and peak time of excursions of the Rifled return signal 
sample waveforrRdBOietteSireshoUvvavefbrm; repeating steps (bHO at (fiiierent positions; and transfer- 
ring the peak arnpiftudas; tirnes and positions to a flaw kxatkm detemiination de^ " 
s The prefen-ed embodiment of the present invention will tie descrit)ed with reference to tiie accompany- 
ing drawings in which: 

Rgure 1 is a block diagram of the components of the present invention; 

Figure 2A Illustrates the details of the timing control unit 28 of Rg. 1 ; 

RguTBS 2B and 2C are timing diagrams of the data and control bus 30 signals and the outputs of the 
TO state counter 54 in Rg. 2A; 

Rgure 3 deptots the details of the pulse control unit 28 of Rg. 1; 

Rgure 4 illustrates tfcs components of the anafog input muHipimer 32 of Rg. 1 ; 

Rg. 5 depicts the dti^ of the (figrtizer 34 of Rg. 1; 

Rgure 6 illustrates the components of the flaw gates 36-42 of Rg. 1; 
T5 Rgure 7 illustrates the waveform memory unit 116 of Rg. 5; 

Rg. 8 shows a thre^ktcunm used to obtain reflector Indicatfons from a return ultrasonic signal; 

Rgures 8A-8B depict the (Mocedure performed by the CPU 120 in the flaw gate depicted in Rg. 8; 

and 

Rgures 10A and 10B illustrale how a flaw is k>cated based on the indk:ation data provided by the 
a> flaw gate. 

The present invention allows high speed ultrasonic inspection of an object, such as a power generating 
plant turbine rotor, using a rapidly moving shear mode scanning mechanism without introducing posithMiai 
error and without tosing data. The system of the present inventton alkms costs associated wHh uHrasonte 
rotor inspection time to be signifteantly reduced. In the present invention flaw gates are used to process and 

as record ultrasonic reflector indications detected during a scan. The flaw gates each record key task 
parameter such m scamer position or surface time directly in the flaw gate so that the parameter can be 
immediately recorded atong with wave amplitude and transit time information, and used to correct transit 
time inforrndion. ThsfiBw gates in the prefenrod embodiment select and record, as a reflection intfication. 
only the largest amplitude tignai. as compared to a threshokJ, within a time window whteh can correspond 

as to depth or hjcafion vfithin the material being Inspected. However, it is possible for the flaw gate to record 
up to 256 indications in each window. The starting and stopping of date acquisitkm and threshoM 
comparison can be independently triggered to control the accuracy of the placement and resolution of each 
window. The transit time offset available in the flaw gate can be used to conrect for misalignment of the 
transducer, geometry vaiaSons of the surtece being inspected, changing immersion fluid or inspected 

as material temperature or any other condition that requires a change in the reference time at whteh amplitude 
thre^M comparisons are started. 

The flaw gates are ananged in pairs so tiiat date is processed and recorded in one flaw gate white the 
other flaw gate in the pair can transfer flaw indications and con-esponding transducer positions to a main 
computer. The alternating of ttie flaw gates during date collection and processing ensures that date is not 

40 lost when a large number of reflector indications are detected in the window of a particular flaw gate pair. It 
is ateo possible to alternate the use of tiie flaw gates in a pair in synchronization with ottier parametets such 
as time, position or scan direction. The use or multiple pairs of flaw gates allows the burden of processing 
on each flaw gate pair to be reduced by dividing flaw gate date acquisition into windows according to 
ti-ansducer. position or material deptti. In tiie prefen-ed embocfiment. the two flaw gates in each pair are 

46 assigned to different scan directions in ttie inspection system. Tliat is, the preferred scan method aitemates 
between clockwise and counterclockwise full 380« rotations of the scan head witii an axial index in a rotor 
bore at each rotation reversal One flaw gate in ttie pair samples and pnacesses data during ttie ctockwise 
rotation and the otiier during tiie counterclockwise rotation. The circumferential position of tiie tiansducer is 
provided to each flaw gate during each scan. In the prefenred embodiment tiiere are six pairs of flaw gates 

so plus a ttiirteentti spedal purpose flaw gate for each scanning tiansducer. Each pair of flaw gates is 
dedicated to a specific range of material deptti or a time window. Each active flaw gate also perfomis 
corrections on time of flight date to compensate for eccentiidty and wobble of ttie scm head relative to ttie 
rotor bore to ensure ttiat reflector positions are property recorded. The ttiirteentti flaw gate is used to collect 
ttie ranging data, which conresponds to a time of flight and ti-ansducer position, used for this correction. 

ss A control computer 10 initiates an inspection ttirough an interface driver 12 by signalling axis confrol 
computere 14 over a main CPU bus 16. The axis confrol computers 14 control axis control motors 18 
mechanically linked to one or more array ti^sducers 20 and physically coupled to a ranging transducer 22 
to move ttie scan head to tiie desired positions. A resolver 24 sends transducer position inibmiation back to 
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the axis oontrol cannpuisrs 14 which transfers it to the flaw gates over bus 30. After the transducer 20 is in 
position, a timing control unit 26 initiates a pulse controf unit 28 over the control and data bus 30. The data 
bus ^ is a mutSpuipase bus that is 60 bits wide with groups of bits dedicated to taslcs such as control 
signals ami cfigifizal cf^ transfer. The pulse control unit 2B initiate a poise tra ns m is s ion by either the 
array transducer 20 of ranging transducer 22. The return signals from the transducers 20 and 22 are 
multiplexed aooording to the transducer acth^ated, and are attemjatoi accorcfing to the depth of a return 
signal window in the material being inspected by analog multiplexer 32. The analog multiplexer also 
rectifies the return signal before application to digitizer 34 over bus 30. The digitizer 34 continuously 
digitizes the transducer signal and ^plies the digitized return signal to flaw gates 30-42. 

Ttie flaw gates 36-42 operate in channel pairs where each channel is active over a time window 
connesponding to the depth in the inspected material at which a reflection can occur. The timing control unit 
26 controls the opening of the window for each channel while ttie digitizer 34 transnits load or write control 
pulses to alt of the flav gates 36-42 whenever a sample is dgitized. Each flaw gate stores the digitized 
transducer return signal values in a waveform memory for its connesponding window. Each flaw gate then 
shifts a threshold waveform by a transit time offset that is a function of rotation position and that indicates 
changes in relative position of the array transducer 20 and the material being inspected. Subsequently, 
each flaw gate compares the stored retom ^gnal waveform with the shifted threshold waveform and stores 
ttie peak ampHtude, start time, peak time and stop time of each a'gnat excurskm alx>ve the threshold curve. 
These signal occursions are reflector Indications which can indicate flaws. The axis conti-ol computers 14 
indteate tlw position of the transducer 20 to the flaw gates 36-42 for each scan, and the transducer position 
atong writh the reflector indication date is transferred over tlie main computer (mis 16 and through ttie 
intertece driver 12 to control computer 10. The control computer 10 then determines the kicaiions of flaws 
based on the known geometry of the ultrasonic beam path in the Immerskxi fluid and the material being 
inspected. 

The flaw gates 36-42 are arranged in pairs so that during a clockwise scan, one of ttie flaw gates 
collecte and processes date while during a counterchickwise scan the otiier of the flaw gates coilecte and 
processes data. During the peitod in which a gate is not oollectbig and p r ocessing transducer date the gate 
is available for transfenrfng reflection indication date to the conbrot computer 10. In Fig. 1, the flaw gates, 
etc. are shown for a single transducer for simplicity of explanation; however, in practice, several inspection 
transducers are used for an inspection and. as a resuK, the drcuite 26-42 wouki be duplicated ibr each 
inspection transducer in an actoal system. It is also possible to assign one pair of flaw gates to a number of 
fixed focus transducers or to a single variable focus transducer having several different focal depths. 

The timing control unit 26 generates the date and control bus signals shown in Hg. 2B. The sync pulse 
44-1 controls generation of the ultrasonic wave at the transducer. The delay sync pulse 44-2 occurs at tlie 
start of a date window tiiat is delayed from the beginning of the sync pulse by the time segment 44-5. The 
date window signal 44-3 determines the width of the digitized date that is toaded into one of tiie flaw gates 
36-42. Channel code Ones (chO-ctiS) 44-4 uniquely klentffy a channel for ttie purposes of controlling the 
loading of date into a particular flaw gate, the transmit roub'ng of the sync pulse, ttie amplifier input channel 
and the amplifier input attenuation. 

A timing cycle is the period between sync pulses and is decomposed Into four separate segmente. 
Time segment #1 44-5 is from the sync pulse to the delay sync pulse. Time segment #2 44-6 goes from 
the delay sync pulse to the end of ttie date window. Time segment #3 44-7 goes frtim the end of the date 
window to an arbitrary point that is typically several hundred microseconds before tiie next sync pulse. 
Time segment #4 goes from ttie end of time segment #3 toihe next sync pulse. The channel lines 44^ are 
changed at the end of time segment #3 44-7. The purpose of time segment #4 is to allow electronics, which 
are multiptexed on the line by the changing channel lines, to settle before the next sync pulse is generated. 

The timing cortrol unit 26 is conf oiled by ttie timing control memory 44 of Rg. 2A which is a random 
access memory (RAM) that is loaded by the control computer 10 ttirough the main bus 16 and via an 
interface control unit 42. The timing conti-ol memory 44 contains date for contarolling each of ttie 4 time 
segmente shown in Rg. 2B. Each of ttie time segmraite is defined by 8 8-bit words in ttie timing control 
memory 44 as shown in the segment memory map table betow: 
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Word 


Description 




0 


Reserved - Not Used 


s 


1 


Timing Counter Low Byte 




2 


Timing Coxmter Middle Byte 




3 


Timing Counter High Byte 


to 


4 


Channel Code and Data Window Bits 




5 


Pulse Control Bits 




6 


Next Address 




7 


Reserved - Not Used 



TS 



Of the 8 nonts. word 0 is resetved and not used. Word 1 contains the preset value for the timing counter 
low byte (bits 0-7). Word 2 contains the timing counter preset value for the middle byte (bits MS). Word 3 
contains the counter preset value for the high byte (bits 16-23). Word 4 contains the channel code bits and 
the data window bit as shown in the channel code and data window bit map table t>elow: 

Channel Code and Data Window Bit Map Table 





Bit 


Name 


Description 


25 


0 


CHO. 


Channel Code .Bit 0 




1 


CHI 


Channel Code Bit 1 




2 


CHZ 


Channel Code Bit 2 


30 


. 3 


CH3 


Channel Code Bit 3 




4 


CH4 


Channel Code Bit 4 




5 


CHS 


Channel Code Bit 5 


35 


6 


WIN 


Data Window Bit 


7 




Not Used 



Bits 0-5 control ch0-ch5, the channel code lines, and bit 6 controls the data window. When bit B is logic 
^ state 1, the data window is active on the data and control bus 30 during the entire segment Word 5 
controls the sync and delay sync pulse generation as shown in the pulse control bit map table below: 

Pulse Control Bit Map Table 
^ Bit Description 

0 Sync Control Bit 

1 Delay Sync Control Bit 
so 2-7 Not Used 



Bit 0 of word 5 causes a sync pulse to be generated when it is a logic state 1. Bit 1 of word 5 causes a 
delay sync pulse to be generated when it is a logic state 1. Word 6 is the 8 higher order address bits of the 
55 timing control memory 44 for the next segment to be executed. Word 7 is reserved and is not used. 
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A normal, complete timing cycle consists of consecutive execution of four properly configured 
segments by the timing control unit 26. Referring to Rg. 2C, at the end of segment #4 of the previous sync 
interval, a carry signal 44-11 out of tiie timing control counter 48 occurs when the timing control counter 
counts down to zenx This cany signal is input to decoder and control logic 52, which resets state counter 

5 54 as shown in 44-tD of Fig. 2C from a state 7 to a state. 0. The state counter 54 then ^quences through 
states 0 to 6 and holds at the 7lh state. The clocking from one state to the next is synchronous wift the 10 
MHz clock 44-12. The state counter output lines 44-13, 44-14 and 44-15 are the lower 3 address bits of the 
timing control mranory 44. As the state counter 54 counts from 0 tack up to 7, the different states are 
decoded by decoder and control logic 52. 

10 The 1 state 44-16 presets the lower 8 bits of the timing and control counter 48. The 2 state 44-17 
presete ttie middle 8 bits of counter 48. The 3 state 44-18 presets the upper 8 bits of counter 48. The 4 
state 44-19 loads tiie channel code and data window bit into the channel code and data window latch 46. 
The 5 state 44-20 generates the sync and delay sync pulses on the date and control bus 30. The 6 state 
44-21 loads the next address latch value which sets the higher 8 address bits of the timing contit>l memory 

75 44. After ttie state counter 54 has reached state 7. the timing control counter 48 is enabled and begins to 
count to zero. The amount of time that it takes to count to zero is determined by ttie counter preset value 
that were loaded firom locations 1, 2 and 3 of timing contivl memory 44 during states 1, 2, and 3 of the 
state counter 54. 

For flie first segment of a timing cycle, the state counter first sequences through states 1, 2 and 3 to 

20 toad the counter 48 with the segment #1 timing values. During state 4, ttie channel code and date window 
bite are latched. For segment #1, the date window bit is a logic state 0. During state 5. the decoder and 
control logic 52 generates a sync pulse by ANDing pulse source signal 44-20 with tine sync control bit 44- 
48. which is a logic state 1 (bit 0 of RAM location 5 44-35). The delayed sync pulse is not generated 
because the delay sync control bit 44-49 is a logic state 0 (bit 1 of RAM location 5 44-48). During state 6, 

25 the next address latch 50 is loaded. After state 7 is reached, the timing control counter then counte down to 
zero. When it reaches zero, the carry output pulse 44-11 is sent to the decoder and control logic 52 which 
in turn tlggers state counter 54 to initio another cycle biisginning at the RAM address set by ttie next 
address latch 50. For proper operation, ttie next aldress word from segment #1 must correctly point to the 
area in the timing contDl memory 44 that contains the date for segment 2. 

30 For the second segment the state counter again sequences through states 1, 2 and 3 to load the 
counter 48 with ttie segment #2 timing values. During state 4, the channel code and date vnndow bite are ' 
latehed. For segm^ 42, the channel code is the same as for segment #1 but the date window bit is a logic 
state 1 which causes the date window to be high on ttie control and date bus 30 throughout segment #2. 
During state 5, the decoder and control logic 52 generates a delay sync pulse by ANDing pulse source 

35 signal 44-20 with ttie delay sync contit)! bit 44-49. which is a logic state 1. The sync pulse is not generated 
because tine sync control bit 44-48 is a logic state 0. During state 6, the next address latdi 50 is loaded. 
After state 7 is reached, the timing control counter 48 ttien counte down to zero, which triggers ttie initiation 
of anottier cycle beginning at ttie RAM address for segment 3 set by the next address latoh 50. 

During the third segment states 1-3, the counter 48 is loaded virtth the segment #3 timing values. During 

40 state 4, the channel code and date window bite are latehed. For segmente 3, the channel code is" the same 
as for segmente 1 and 2; however, ttie date window bit is a logic state 0 which causes the date window to 
be k>w on the control and date bus 30. During state 5, neither a sync pulse nor a delay sync pulse are 
generated because the sync and delay sync contixtl bite 44-48 and 44-49 are both logic stete 0. During 
state 6, the next address latoh 50 is baded. After state 7 is reached, the timing control counter 48 then 

46 counte down to zero, which triggers the initiation of another cycte beginning at the RAM address for 
segment #4 set by ttie next address lateh 50. 

During states 1-3 of ttie fourth segment, ttie counter 48 is loaded witii ttie segment »4 timing values. 
During state 4, the channel code and date window bite are latohed. For segmente #4, ttie channel code 
changes to the code for the next timing cyde. The date window bit is a logic state 0 which causes the date 

so window to be low on the cont-ol and date bus 30. During state 5, neittier a sync pulse nor a delay sync 
pulse are generated because the sync and delay sync conf ol bite 44-48 and 44-49 are both logic state 0. 
During state 6. ttie next address latch 50 is loaded. After state 7 is reached, the timing control counter 48 
then counte down to zero, which triggers the initiation of another cycle beginning at the RAM address set 
by ttie next address lateh 50. For proper operation, the next address word from segment #4 must correcUy 

55 point to ttie area in Uie timing control memory 44 ttiat contains ttie date for segment #1 of tiie next timing 
cycle. 
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In the preferred implementation, there are a maxRnum of 32 channete (windows) with 4 timing segments 
for each channel. To pulse all 32 channels, the next address word for a segment must point to the proper 
data area for the next segment and channel. To pulse just one channrt repetitively, the next address word 
farsegniarit3 must point to the beginning of the segment #♦ where the channel code is set Then, if the 
fiBiii9coiMinit2Sl8siartBdatth8beg^RdngafsB9nent4vitwou^ 1.2, 3 and 

4- for the selected channel. 

The channel control code is ai^lied to a delay memory or RAM 56 in the pulse control unit 28 as 
illustrated in Fig. 3. The channel control code acts as an address for outpuUng a delay word applied to a 
digital-to-analog converter 58. The memory 56 can be loaded by the control computer 10 over bus 16 with 
appropriate delay words for different depths although this connection is not shown in Rg. 3. The digital-to- 
analog converter 58 produces an analog voltage of from zero to nine volts »»hlch controls the beam focus of 
the an^ transducer 20 through eight programmable dei^ gener^ors 60-64. A preferred nine element 
away transducer fs available from the New York Institute of Technology and will produce a fbcussed beam 
one milTimeter in diameter at the focal point The delay generators 60^ each indude appropriate delay 
circuits to produce suitable delays for focussing within the material to be inspected. The implementation of 
the delay can be perfonned by using voltage variable capaciiDrs in stamlard one-shot drouHs. When pulses 
to each transducer element are delayed by appropriate values as a function of voltage output by the digital- 
to-analog converter 58, the focal point moves from near the surface to deeper within the material as the 
voltage changes from nine to one volts. Typical delay values for each element as a function of voltage are 
shown in the transducer delay table below for the preferred nine element transducer 
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Bement 5 does not have delay values for reasons that will become apparent later. An analog voltage of 
nine volts will cause the beam to focus near the surface in the material, a voltage of five volts will cause 
focus to be at the focus value detenmined solely by the lense of transducer 20 (the geometric focal point), 
while a one voK analog signal will focus the transducer at maximum depth in the material beyond the 
geometric focal point The geonrietric tocal point is the focal point obtained when all of the elements fire in 
phase, which is the five volt case in the above table. It is sometimes detirabte to pulse various 
combinations of transducer elements. The circuit of Fig. 3 has the ability to control which elements are 
pulsed through the action of gates 66-70. A sync signal from data and control bus 30 is transferred through 
each delay generator with the specified delay. Selection gates or switches 66-70 are controlled by a pulse 
code from the analog multiplexer 32 transfened over the data and control bus. The specific codes used, or 
rather elements to be pulsed, depend on the details of the particular ultrasonic inspection. However, the 
usual case is to pulse all elements but element five. 

The output of the gates con'esponding to programmable delay generators 1-4 and 6-9 are transferred 
through high voltages pulse units 72-74 to appropriate elements 76-78 in the array transducer 20. The 
middle or fifth element element 80 of the array transducer 20 is used as the return signal receiver 
transducer and is connected to the analog multiplexer 32 as will be discussed later. The fifth delay 
generator 62 through its gate 68 and high voltage pulse unit 82 activates the ranging transducer 22. The 
return signal from the ranging transducer 22, which indicates the surface of the material being inspected is 
amplified by input signal amplifier 84 and then applied to the analog multiplexer 32. 
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The analog muWptwer 32 of Hg. 4 receives the channel code from the timing control unit 26 over 
control bus 30. The channel code is applied to an attenuation control memory 88 which produces an 
attenuation control word, part of which is applied to decoder 8a The ^nuation control wont also includes 
a pulse control word which is applied to the pulse control unit 28, as previously discussed, to control which 
transducer elements in array transducer 20 receive a high voRage fxisa and a receive control bit which is 
appHed to the input amplifier and signal multiplexer 92. The attenuation control memory 86 is loaded by 
control computer 10 over bus 16. The return inspection echo received by an^y transducer element five 80 
is amplified by a scan head preampTifier 90 producing a differential signal applied to an input amplifier and 
signal multiplexer unit 92. The analog multiplexer portion of unit 92 selects either the signal from array 
transducer element five 80 or from the ranging transducer 22 based upon the receive control bit The 
amplifier portion of unit 92 includes a differential amplifier that reduces line noise. The selected signal is 
appfied to a programmable attenuator 94 which is controlled by decoder 88 based on the attenuation control 
word produced by attonuation control memory 86. The programmable attenuator 94 selects an attOTuatfon 
path ttierethrough based on the decoder 88 output using analog gates where the paths are stepped in 4 dB 
increments for eight steps. The attenuation is required when the inspection system is looking for flaws near 
the surface of the material being inspected and decreases in magnitude ¥»ith depth. The attenuation 
necessary is determined by experimentation during calibration and it is the amount necessary to bring 
return signals from a reference reflection into a specified range which is typically 0.4 votts as measured si 
the digitizer 34 input The attenuated signal is applied to a fixed gain amplifier 96 and then to a half-wave 
rectifier 98. The half-wave rectifier 98. consistent with standard ultrasonic signal processing techniques, 
converte the sinusoidal return signal into a rectified signal that Includes only positive values. The rectified 
signal is then applied to digitizer 34 over bus 30. For viaiysts of more subtto features of the echo return 
signals, the return signals can be directly passed around ttie rectifier without rectification via a control signal 
over bus 16 ailhough this connection is not shown in Fig. 4. The rectified signal is continuously digitized by 
a digitizer circurt 100 (Rg. 5) obtainable from TRW which digitizes 20 miinon samples a second based on a 
20 MHz clock s^al produced by dock 10^ The ctock 102 controls a sample latch 104 through a dhrtdor 
106 and delay unit toa When the latch 104 has stabilized It appSes the digitized value to the flaw gates 36- 
42 over the control and date bus 30. The flaw gates 36^ are activated to kad the latest sample vakie by 
one shot 110 whteh produces a write pulse. 

When the timing control unit 26 outpute a date window signal 44-3 and ^uttmeou^ outputs a 
channel code that matches the channel code produced by the channel lateh 112 in the flaw gate of Rg. 6, a 
comparator 114 produces a write enable signal that acthndes wavefomi memory unit 116 to accept the 
latest digitized sample from digitizer 34 in synchronization with the write signal produced by the digitizer 34. 
The waveform memory unit 1 16 continues to store the digitized samples as kmg as the date window signal 
44-3 is a togic 1 state and the channel code produced by the timing control unit 26 selecte this particular 
flaw gate. That is. the wavefomi memory 116 unit is active for storing a retum signal wavefonn during the 
date window associated with the particular flaw gate as designated by the channel coda. CPU 120 is 
preferably a Z80 microprocessor available from Zilog and is capable of analyzing a 10 microsecond 
wavefonn sampled at about 0.05 microseconds in about 20 milliseconds wHh a threshold curve that is also 
10 microseconds wide with ampRtude values specified in steps of 0.1 microseconds. The window during 
which date samples are stored is adjustable in 0.1 microsecond steps. If higher processing speed is 
required, an appropriate higher speed processor should be substituted for the Z80 microprocessor. 

At some time during the open window, preferably at the beginning or end, the position signal produced 
by resolver 24 is transfen-ed from position latch 118 by CPU 120 into memory 122. The memory 122 
Includes a programmabte read only memory portion which contans the control routine for CPU 120. The 
-memory 122 also includes RAM variable areas for storing values such as the channel code to be stored in 
channel lateh 112 and the position from position latch 1ia Memory 122 also stores a ranging curve of 
transit time offset values produced by the ranging transducer from samples taken at various positions on 
the material surface. The value of the ranging curve at each inspection position is used to adjust the start 
point for a comparison between a threshold curve, also stored in memory 122 and the return signal 
wavefomi stored in the wavefomi memory unit 122. The retum signal wavefonn stored in the wavefonn 
memory 116 is compared by the CPU 120 to the threshoki in wavefomi in memory 122 one sampte at a 
time where one threshold point Is used for every two signal ¥»avefonn pointe. The rising crossing Hme. the 
peak time, the amplitude at the peak time and the falling crossing time of excursions of the retum signal 
wavefonn above the threshold wavefonn are stored in memory 122 as reflector indications. 
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Once a complete scan is finished or whenr the Indications portion of memory 122 is full. CPU 120 will 
release CDnlrol. of the flaw gate address bus t24- andi ttie data bus 126 when a bus requ^ signal is 
receivad! fram-. ths oontraf computer over bus tS- Wheir buses t2A and 12B have been released CPU 120 
responds ta the oontral' computsr Itt with a bus release; acknowledge signal. The control computer 10 then 
£ addi'tekd£i» memory- T2ZthraBgh address counter 13&stdTWiismi the position and imfication data ttirough 
buffer 130. The control computer 10 then processes the* reflection inefication and positiort data to determine 
flaw locations. 

Figure 7 illustrates the components of waveform memory unit 116. At the t)eginning of each scan cycle 
CPU 120 resets address counter 132 to the first location in waveform memory 134 and enables memory 
10 134 to accept data. When the digitizer 34 has placed a sample value on the data and control bus 30 it 
sencte a write or load signal to waveform memory 134 whidi then stores the latest digitized value therein. If 
the flaw gate Ibs its window open, comparator 114 produces a write enable signal which opens gate 136. 
Wherr the write signal is received by the wavefornr memory 134 through gate 136. the wavefomn memory 
134 stores the digitized return signd sample at the address designated by the address counter 132. The 

rs writB pulse is delayed by address counter t3Z and then used to increment the storage location address for 
fte waveibnn memory 134 in anticipallai of the next digitized letum signal sample. When the window for a 
particular flaw gate has expired ttie CPU 120 dianges waveform memory 134 from an Input mode to an 
output mode, and resets address counter 132 to the beginning of the memory 134. CPU 120 then 
increments address counter 132 to read out the return signal waveform and make the threshold comparison. 

20 as discussed below. The memory 134 shouhl hold at least fifty microseconds of scan data so that tow 
resolution, high speed scans are possible when desired and be capable of k>ading at a 20 MHz rate. 

Rgure 8 illustrates the threshohl comparison process using continuous curves whteh represent the 
discreto one microsecond sample points of both the threshold curve 138 and the OJOS microsecond sample 
pdnts bf the signal waveform 140. The threshokf curve 138 Is shifted firom the stat Wt of the flaw gate 

s sample window by a surface time Surface- The surface time is obtained from the ranging curve produced l>y 
the ran^ng transducer 22. This shifting can be accomplished by reading out the data samples from 
wavefumi menrary 134 and discarding samples utrtil the offset acQustment has been accompiistied. Once 
tt» aaiace ftne ofiset has been p er fo r m ed Mdn of the return signal data samples Is compared to the 
appropriate oorrssponding threshoM value with one threshold point used for every two signal ctete samples. 

at when the return wavefbnn value first equals or eacoeeds ttie corre^nding threshold value at, for example, 
point 142. the rising crossing time trtsi„g is stored. The crossing time is computed from the difference 
between the addresses of the rising crossing time sample and the surface ttme sampte, where each 
memory kx:ation corresponds to OUS mksoseconds. Wien the peak of the excursion is reached at for 
example, poir* 144, both the amplitude A the tirrie of the peak tpeak are stored. In addition, when the 

35 waveform excursion above the threshold crosses back below the threshokl curve 136 the falling crossing 
time at, for example, point 146, is stored. The times trtsno. ti^akand tfamng along with the absolute amplitude 
A (rf the excursion at the peak time comprise a reflection indication. It is pos^ble to store all the indications 
which occur during a window; however, in the preferred embodiment only the maximum ampfitude 
excurston indication 148 and up to 10 additional excursion indications are stored as determined by the 

40 operator. As can be seen from Rg. 8 some of the peaks in the return echo signal do not cross the threshold 
and therefore are not stored as indications. 

The threshold curve 138 is otitained by bouncing ultrasonk: pulses off of known depth (flme of flight) 
and known minimum size reflectors in a calitirafion block, and recording the maximum amplitude of the 
signals returned for each known depth reflector. The maximum amplitude signals ptotted with respect to 

45 time produce the threshold curve: that is, the threshokl curve Is a distance versus amplitude conection 
cun^e for a particular depth/time window. 

The procedure periomned by the CPU 120 of each flaw gate, as illustrated In Fig. 6, is depicted by 
Rgs. 9A-9C. This figure does not show the procedure executed by the main control computer 10 which 
initializes or sets up the flaw gate. The control computer 10 in the setup procedure, prior to processing by 

50 the flaw gate, loads the following variable information into the variable portion of memory 122 t>y taking 
control of the address 124 and data bus 126 as previously discussed: the channel number which selects the 
time window during which the flaw gate shouM record samples; the number of peaks N indicating the 
number of excursions of the ratum signal waveform above the threshold curve in addition to the maximum 
amplitude indication which should be stored for transfer to control computer 10; the length of the threshold 

55 curve *»hich controls the number of comparisons necessary for indication processing; the threshold curve 
date values: a 16 t>it position mask which masks out the unused bit positions on the date and control bus for 
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the 14 bit resolver pasitiorT from the reaalvw 24; an optional 16 bit start position masit wtiich can be used to 
activate the flaw gate based on a coarse drcumferential position of the transducer, if desired; and a ranging 
curve which pr^erably includes SB v^ues for the 360' of a circumferential scan thereby providing ranging 
time conections at a resolutiorr of 1 .4' evai though the angular resolution of the system is .02". 

At the ^art of the procaSure (Rg: 9A>, a determination is made 152 concerni ng whrther flie flair gate 
should be in a digitizing mode 154 by examining memory 122 to see if a digitizing command from control 
computer 10 is resident therein. In the digitizing mode the flaw gate merely samples from waveform 
memory 134 and ^res the samples in menrory 122 and does not process same using the threshold 
wavefonm, thereby allowing the control computer 10 to retrieve actual amplitude signals. The digitizing 
70 mode is used, for example, to record actual amplitude signals from calibration reflectors or flaws as desired 
by the operato- for archival purposes. 

If the digitizing mods command is not resident in the variable portion of memory 122, the flaw gate 
processor 120 sends tSB a status word to the control computer 10 indicating that the fljw gate is operating 
in the flaw gate mode. The processor then obtains 160 the start position and start po^on mask from the 
rs variable portion of memory 122 and begins comparing 162 the start po^ons (angles) with the position 
produced by the resolver and stored in position latch 118. If starting at an optional start posHion is not 
desired, then the position mask would be all zeros. 

When the start position is reached the channel code is read 164 from memory 122 and stored 166 In 
channel lateh 112 to allow wavefonn memory 118 to be activated when the channel code from the timing 
ao control unit 26 matches the contents of latch 112. The processing unit 120 then monitorB tiie output of 
comparator 114 which indicates when the window has been opened and then ctosed, indicating ttm a 
waveform has been stored. When a waveform has been stored in wavefomi memory unit 116 the write 
mode of the memory unit 118 Is disabled 170 (Rg. 9B). Next, the resolver position is read and stored 172 in 
the portion of the memory T22 which win be transfened to the control computer 10 and indicates the 
25 cunrent positton or angle of the transducer 20 from which the indication was obtained. The time correction 
from the rangii^ curee for the cunent position is retrieved 174 and used, after the memory address has 
been reset to read and dbcad 178 the dummy values from the waveform memory 116 until the return 
sample waveform is shifiaf to the appn^snete start position for threshold comparison. 

Next the CPU laj proossess 178 the return signal waveform as previously discussed by oomparing 
ao the wavefcam to tin threshokl curve 136 and extracting ttie excursion information to obtain mcficatians. If 
peaks are found 180, a comp arison is made 182 witt) the previous resolver position so that the stor^ of 
duplicate reflector indiottlans can be prevented when tiie position has not changed. If, however, ttie 
amplitude of the ia-gast p^ has increased, even though transducer position has not changed, the value of 
ttie previous largest peak akmg witti the previous position are updated 188 (Rg. 9C) and the previous set of 
35 indications are replaced by the current 

If a previous memory overflow has not occuned 188. as detemiined by examining an overflow flag, the 
peak data is transferred 190 to ttie portion of ttie memory 122 accessible by control computer 10. If ttiere 
has been a memory overflow, ttiat is. ttie available memory in which reflection indteations can be stored is 
full, tiie overflow flag in memory 122 is set 194. The overflow flag allows control computer 10 to detwrnlne 
40 ttiat an overflow has occunred and immediately retri&ve ttie reflector indication data and start a rescan from 
ttie last position. recorded in memory 122 if desired. Once all of ttie data has been processed, ttie flaw gate 
repeats ttie procedure by getting 164 ttie channel code from memory 122, storing 166 ttie channel code in 
ttie latch, and monitoring 168 the output of comparator 114 until a waveform is written. 

f=igures 10 and 11 indicate how ttie peak time of each indication of ttie largest peak above ttie ttireshold 
45 can be used by tiie conttol computer 10 to obtain ttie deptti and modify ttie angle of ttie indkation. The 
time versus deptti curve of Rg. 10 can be produced during caUbration using known position reftectors or 
calculated from ttie known velocfty of sound in ttie material being examined. Because ttie actual angle of 
ttie indication witti respect to deptti differs from ttie transducer angular position in a non-linear manner due 
to ttie geometry of ttie beam paUi. ttie deptti. detemnined from ttie peak time using ttie curve of Rg. 10, is 
60 ttien used in ttie curve of Rg. 11 to obtain an angle change which con-ects ttie tiansducer angle (position) 
and ttie angle of refraction of ttie beam in the material to pinpoint ttie exact angle of ttie indication. The 
deptti versus angle change curve of Rg. 11 can also be determined during calibration or cak»lated from 
ttie known characteristics of sound travel in ttie material being examined. In actual practice, ttie cunres of 
Rgs. 10 and 11 are represented by equations derived from ttie beam path geometiy as determined during 
55 calibration. The connected angle is added to a fixed offset angle, which is an offset from a reference 
position, to obtain an adjusted or referenced indication angle. The deptti and adjusted flaw angle define ttie 
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location of the indication along with the axial (Z) pasitiar of the transducer. The depth, angle and axial 
position can then be used to display flaw Indicatians using a known display system which allows the image 
of thoob^Mng inspected to be presented in sarorat difliauat views along with the detected Indications 
to order to see the relation and size of flaws. 
s The discossiorT her^ has described specHic feature by wa^ of example only and has assumed that 
the reflections, for a single beam pulse fixnised at a paHcular depth, are processed during transit time 
windows that correspond to depth. This introduces inaccuracies in flaw location determinations because ttie 
beam Is not completely in focus at depths other than the geometric focus depth. Since the array transducer 
can be focused for the highest beam precision at any desired depth, for higher accuracy. It is possible to 

TO focus the beam at the center of a particular depth/lime window and only open that window for flaw 
processing. Additional pulses can be produced and focused for other (tepth/iime windows. The windows can 
ttien be made artiitrarily large or small depending on the resolutioit of flaw location desired. An improve- 
ment in the speed of the comparison process can be accomplished if the suldress counter 132 in the 
waweform memory unit can be loaded with an address offset which compensates for ranging changes rather 

rs than simpiy incrementing the counter to produce the offset It Is also possible to compare return signal 
waveform points with an offset threshold as the data arrives if a very high speed processor is sut)stituted for 
the preferred Z80. This very high speed processor would have to have an instruction cycle time at least 
several times as fast as the 20 MHz data rate. Another modification is for the flaw gates 36-42 to have 
available on the control and data bus 30 additional test parameter aich as temperature and time of day, and 

so then for the flaw gate to read and store these additional parameters, as well as or instead of. the position of 
the transducer. 



Clabns 

1. An ultrasonic agnal processing system, comprising: 
a control processor 10; 

a tmiiig coritrol unit (2Q omnected to s^ ointral pnxsssor (10) «Hjl producDig limmg con^ 
including window signals; 

30 a pulse control unit (28) connected to and controlloi by sad timing control unit 

an inspection transducer (20) connected to and controlled by said pulse control unit (28) and produa'ng a 
received signal; 

a resolver (24) coupled to said inspection transducer (20) and producing a position of said inflection 
transducer (20); 

3B an analog multiplexer (32) connected to said timing control unit (26) and said inspection transducer (22), 
and attenuating the received signal in dependence on the window signals; and 

a digitizer (34) connected to said analog mulflplfficer (32) and digitizing the attenuated received signal, 
characterized by 

plural flaw gates (36-42). connected to said digitizer (34), said timing control unit (26) and said resolver, 
40 each storing and processing, in dependence on one of the window signals, the digitized attenuated received 
signals by shifting a threshold waveform in dependence on a ranging offset and comparing the stored 
digitized attenuated received signals to the shifted threshold wavefwm and producing flaw indications when 
the digitized received signals exceed the threshold waveform, and storing the position, said control 
processor (10) retrieving the flaw Indications and corresponding position at the end of a scan by said 
« inspection transducer (20) and determining flaw locations fTom the positions and flaw indications. 

2. A method of determining flaw indications in a material being inspected using an inspection 
transducer and a ranging transducer, comprising the steps of: 

obtaining (174) a ranging offset of the material from the ranging transducer at a position: 
activating (166) the inspection transducer to produce an inspection signal at the position; 
so sampling (168) the returned inspection signal during a sample window to produce a digital retom signal 
sampte wavefonn, characterized by 

shifting (176) a digital retum signal sample waveform using the ranging offset; 
comparing (178) a threshold waveform to the shifted retum signal sample waveform; 
storing (178) tfie peak amplitude and peak time of excuraons of the shifted retum signal sample 
55 waveform above the threshold waveform; 

repeating steps (b)-(f) at different positions; and 

transfem'ng (190) the peak amplitudes, peak times and positions to a flaw location determination device. 
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